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From the work of several groups it is known that hexokinase D, 'glucokinase' (ATP: D-glucose 6-phosphotransferase, EC 2.7.1.2), is affected markedly in the whole liver by dietary and hormonal manipulations [for references see reviews by Niemeyer et al. (1975) and by Weinhouse (1976) ]. The variations in hexokinase D activities are the result of changes in the amount of enzyme protein, as recognized by immunotitration (Clark-Turri et al., 1974) , and are related to the concentrations of the specific RNA (Spence, 1983) . Work with isolated hepatocytes generally confirms the results obtained in the whole animal (Katz et al., 1979; Schudt, 1979; Nakamura et al., 1979; Spence & Pitot, 1979; Wakelam & Walker, 1980; Spence et al., 1981) .
The study of the effect of diets and hormones on hexokinases A, B and C (ATP: D-hexose 6-phosphotransferase, EC 2.7.1.1) in liver has, however, t To whom reprint requests and correspondence should be addressed at the Department of Biochemistry, University of Birmingham, P.O. Box 363, Birmingham B15 2TT, U.K. been neglected. Most workers have only measured the combined activity of hexokinases A, B and C by using the spectrophotometric assay method of Viniuela et al. (1963) , a procedure that has several limitations (Niemeyer & Ureta, 1972; Reyes & Cardenas, 1984) . Although there is general agreement on the constancy of total high-affinity hexokinase activity in liver after dietary and hormonal treatments [for reviews see Niemeyer et al. (1975) and Weinhouse (1976) ], some authors have described variations in certain conditions. Thus Machiya & Hoyosa (1969) reported a decrease in hexokinase B activity in liver from diabetic rats; Pilkis (1970) reported an increase in the total activity of high-affinity hexokinases in the liver of hypophysectomized rats treated with thyroxine; and Wakelam et al. (1979) similarly observed an increase in the liver of neonatal rats treated with triiodothyronine.
The fact that N-acetylglucosamine kinase (ATP: 2-acetamido-2-deoxy-D-glucose 6-phosphotransferase, EC 2.7.1.59) can be mistakenly identified as hexokinase D (Davagnino & Ureta, 1980; Allen et al., 1980; Vera et al., 1984) (Reyes et al., 1980 (Reyes et al., , 1981 .
Experimental
With the exceptions mentioned below, reagents and methods were as in the preceding paper (Reyes & C'ardenas, 1984 (Niemeyer et al., 1962) . Intakes were restricted to be approximately isoenergetic by giving an equivalent to 2lOkJ (50kcal) of diet daily.
Water was given ad libitum. To induce diabetes animals received an intravenous dose of streptozotocin (65mg/kg body wt.) dissolved in 10mM-sodium citrate buffer, pH 4.5. The injected animals were maintained several days on equilibrated diet. The severity of the diabetic state was monitored daily by measuring blood glucose. Animals displaying minimal values of 350mg of glucose/l00 ml of blood after 96 h from the streptozotocin injection were employed. Analytic procedures Blood glucose was measured by the SomogyiNelson procedure (Nelson, 1944 (about 40%). The ratio between isoenzymes B and C was, however, the same, roughly 3:5 in both types of cells. Table 1 also shows that N-acetylglucosamine kinase from hepatocytes and non-parenchymal cells did not change under the different experimental conditions studied.
The effect of a carbohydrate-free diet on the cellular distribution of liver pyruvate kinase isoenzymes was also studied, because pyruvate kinase isoenzymes L and K are good cellular markers for hepatocytes and non-parenchymal cells respectively in normal well-fed rats (Reyes & C'ardenas, 1984 (Tanaka et al., 1965 (Tanaka et al., , 1967 Kohl & Cottam, 1976 97+30 (3) 92+23 (4) 88+17 ( (2) 4.2 (1) * This activity is about 20% higher than that observed with hepatocytes from animals with a commercial pellet diet [cf. results quoted by Niemeyer et al. (1975) for whole liver].
t Not significantly different from the value for the equilibrated diet (P> 0.1).
Discussion
This study shows that neither the total amounts nor the relative proportions of the hexokinases A, B and C displayed any significant changes in parenchymal or non-parenchymal liver cells isolated from rats submitted to conditions that markedly affected the amount of hexokinase D. The invariability of the activities of high-affinity hexokinases generally agrees with the observations made by Gonzalez et al. (1964) in whole liver, but contrasts with the work by Machiya & Hosoya (1969) , who reported a decrease of hexokinase B in the whole liver of diabetic rats. One possible explanation of the last result is that during the separation procedure inactivation or leakage of hexokinase B could have occurred in the preparation from diabetic animals, since it is known to be unstable (Grossbard & Schimke, 1966; Reyes & Cardenas, 1984) . In our work the constant presence of dithiothreitol and glycerol in all steps of the preparation of extracts and separation of the enzymes, together with strict precautions taken during cell isolation (Reyes & C'ardenas, 1984) , would avoid any inactivation or leakage. Our results thus give solid support to the constancy of combined high-affinity hexokinase activity in the liver from diabetic rats and animals submitted to dietary manipulations. Brain and kidney, whose high-affinity hexokinase patterns are similarly characterized by high activities of hexokinase A, also show stable combined hexokinase activity in diabetes (Grossbard & Schimke, 1966; Katzen, 1967; Katzen et al., 1970) . On the other hand hexokinase B activity diminishes as an effect of fasting or diabetes in muscle, adipose tissue and mammary gland, which do not contain hexokinase D but exhibit high activities of isoenzyme B and little or no isoenzyme A and C (Katzen & Schimke, 1965; Katzen, 1967; Walters & McLean, 1967; Hansen et al., 1967; Pilkis, 1970; Katzen et al., 1970) .
A piece of information about the adaptive character of hexokinase D that was still missing is whether it disappears completely or attains a low basal level, indicating that a new steady state has been established. This problem was not solved previously, in part because most observations have not been made for periods long enough to let hexokinase D activities decrease to very low values, and also because of the uncertainty of the enzyme assay in crude extracts, especially at low activities of the enzyme (Niemeyer & Ureta, 1972; Reyes & Cardenas, 1984) . Furthermore, a small residual activity, as measured at 100mM-glucose, could be the result of glucose phosphorylation by N-acetylglucosamine kinase (Davagnino & Ureta, 1980 : Allen et al., 1980 Vera et al., 1984) . Our results indicate very clearly that hexokinase D decreases under several conditions to about 17% of normal values. This residual activity is clearly distinct from the glucose-phosphorylating activity resulting from the presence of N-acetylglucosamine about 2-4-fold higher than the sum of hexokinases A, B and C when physiological concentration of 5-15mM and the half-saturation glucose concentration values of the isoenzymes are considered for calculations. Both the residual hexokinase D and the high-affinity hexokinases would thus contribute to the low glucose phosphorylation observed by Bontemps et al. (1978) in hepatocytes isolated from diabetic adult rats. If each isoenzyme had a specific role in a particular metabolic pathway, as postulated by Ureta (1978) Spence (1983) .
N-Acetylglucosamine kinase activities did not show any significant modification under the various experimental conditions explored, either in hepatocytes or in non-parenchymal liver cells. Residual hexokinase D activity present after prolonged diabetes, starvation or feeding on a carbohydrate-free diet is over 40 times higher than the glucose-phosphorylating activity that N-acetylglucosamine kinase would have at physiological glucose concentrations (5-15mM), and thus a possible subsidiary role of this enzyme under those conditions cannot be significant.
